Astrocytes and neurons are inseparable partners in the brain. Neurotransmitters released from neurons activate corresponding G protein-coupled receptors (GPCR) expressed in astrocytes, resulting in release of gliotransmitters such as glutamate, D-serine, and ATP. These gliotransmitters in turn influence neuronal excitability and synaptic activities. Among these gliotransmitters, ATP regulates the level of network excitability and is critically involved in sleep homeostasis and astrocytic Ca 2+ oscillations. ATP is known to be released from astrocytes by Ca 2+ -dependent manner. However, the precise source of Ca 2+ , whether it is Ca 2+ entry from outside of cell or from the intracellular store, is still not clear yet. Here, we performed sniffer patch to detect ATP release from astrocyte by using various stimulation. We found that ATP was not released from astrocyte when Ca 2+ was released from intracellular stores by activation of Gα q -coupled GPCR including PAR1, P2YR, and B2R. We also utilized mechanical stimulation that is known to cause Ca 2+ increase in astrocytes [21] .
MATERIALS AND METHODS

Primary astrocytes culture
Cultured astrocytes were prepared from P0-P3 of C57BL/6 mice. The cerebral cortex was dissected free of adherent meninges, minced and dissociated into single cell suspension by trituration through a Pasteur pipette. Dissociated cells were plated onto either 12 mm glass coverslips or six-well plates coated with 0.1 mg/ml poly d-lysine. Cells were grown in Dulbecco' s modified Eagle' s medium (DMEM; Gibco) supplemented with 25 mM glucose, 10% heat-inactivated horse serum, 10% heat-inactivated fetal bovine serum, 2 mM glutamine and 1000 units/ml penicillinstreptomycin. After three days later, cells were vigorously washed with repeated pipetting using medium and the media was replaced to get rid of debris and other floating cell types. 
Ca
2+ Influx is Critical for Mechanical Stimulation Induced ATP Release in Astrocyte
Workbench was synchronized with pClamp 9.2.
Mechanical stimulation
To make mechanical stimulation glass pipette was placed right above the membrane of cultured astrocyte. With monitoring its resistance, pipette generally pressed cell membrane until the value of membrane resistance reaches to approximately as double. When the pressure by pipette evoked Fura2 signals, the position of pipette was returned to original place.
All data are given as mean±SEM; n denotes the number of individual cells assessed in sniffer patch-clamp studies. Statistical differences were determined by two-tailed unpaired Student' s t test and considered significant at p<0.05.
RESULTS
Mechanical stimulation induces ATP release from astrocyte
We performed sniffer patch to detect ATP release from astrocyte. On the experimental date, HEK293T cells transfected with P2X2-V343Q, known as a non-selective cation permeable Jaekwang Lee, et al.
channel [22] , and GFP (sensor cells) were mixed with cultured astrocytes, allowing sensor cells to be located nearby astrocytes. For monitoring of the astrocytic Ca 2+ signal, Fura-2 intensity from the astrocyte was recorded from the beginning of the experiment. To make mechanical stimulation, glass pipette placed above a cultured single astrocyte and monitored pipette resistance to determine when the pipette touched the cell membrane. Pipette was slowly lowered until the value of resistance doubled. Once the Fura-2 signal started to change, the pipette was immediately returned to original height. Whole cell patch recording from HEK 293T cell expressing P2X2-V343Q nearby astrocyte was performed to sense the ATP release from astrocyte (Fig. 1A) . Fig.  1B Fig. 1Ca and 1Cb) . At the end of each experiment, we bath-applied 100 μM ATP to measure the full extent of expression of biosensor, P2X2-V343Q. The amount of ATP release was expressed by measuring the peak amplitude of MS-induced ATP release and taking the percent of full activation. We found that mechanical stimulation elevates Ca 2+ in astrocytes and triggers a release of ATP from astrocyte that was detected in sensor cell as an inward current (Fig. 1Ca) . Some astrocytes showed Ca 2+ oscillation which caused ATP release from astrocytes with a similar time course (Fig. 1Cb) .
Agonists of GqPCR did not induce ATP release from astrocyte
It has been recently shown that acutely dissociated astrocytes release ATP by Ca 2+ elevation via metabotropic and ionotropic receptors or Ca 2+ -uncaging [18] . To increase astrocytic Ca 2+ ,
we applied various agonists of GqPCRs by pressure-mediated agonist application (puffing) onto cultured astrocyte. TFLLR, an agonist for Protease Activated Receptor 1 (PAR1), increased Ca 2+ in cultured astrocyte ( Fig. 2A) . Contrary to previous report [18] , TFLLR did not induce ATP release in our experimental system (Fig. 2B) . We also found that bradykinin, an agonist for B2 receptor, and 2MeSADP, an agonist for P2Y receptor, did not induce ATP release from cultured astrocytes (Figs. 2C and 2D) . Bath application of 100 μM ATP was used for the full activation of P2X2-V343Q channels expressed in the sensor cell again (Fig.  2B, 2C , and 2E). Fig. E cells) (Fig. 4A and B) . However, when the extracellular Ca 2+ was omitted, ATP release was dramatically reduced, but a small portion of Ca 2+ increase was still detected in astrocyte (Fig. 4C ). The bath application of TFLLR, an agonist for PAR1, has been reported to trigger release of ATP and elevation of Ca 2+ from acutely dissociated cortical astrocyte [18] . On the contrary, we did not observe GPCR-induced ATP release (Fig. 2) . This discrepancy might be caused by different experimental conditions of recorded cells, or by differences in acutely dissociated versus cultured astrocyte. Nevertheless, it should be noted that MS-induced ATP release from cultured astrocyte is critically dependent on Ca entry, not Ca 2+ release ( Fig. 1 and 4) .
The molecular identity of MS-induced Ca 2+ entry is unknown and it needs to be examined in the future. Astrocytes have several kinds of mechano-sensitive ion channels. Among the mechanosensitive channels, astrocytes are known to express TRP family such as TRPC, TRPV, and TRPA, which are non-selective cationic channels [25] . Recently ATP was shown to be released by TRPV4-mediated calcium entry that leads to a cytoplasmic Ca 2+ increase in hypotonically induced swollen porcine lens epithelium [26] . Therefore, mechano-sensitive receptors / stretch-activated channels of the TRP family could be potential candidates for the molecular identity of Ca 2+ entry to trigger MS-induced ATP release. In summary, mechanical stimulation seems to be enough to allow Ca 2+ entry in astrocyte for ATP release. Current study demon strates that MS-induced Ca 2+ entry causes ATP release from astrocytes.
The results and conclusions of our study should help under stand the release mechanism of ATP in astrocyte and physi o lo gical role of ATP in the brain.
